INTRODUCTION
Considering the large population of China, people suffer hemiplegia with different causes such as stroke and injury in paralysis, and the trend about suffering hemiplegia is approaching young [1] . Physical therapy is effective for the hemiplegia, but the labor intensity for the physical therapist is great, therefore, rehabilitation robots become a helper in the field of rehabilitation therapy. Through necessarily simplifying the analysis on the ball socket of shoulder joint model [2] and the decoupling of shoulder joint with reference to the commercialization of shoulder joint mechanical arm exoskeletons, the exoskeletons shoulder joint help patients realize daily functional rehabilitation and make the movements closer to human body's movements.
HUMAN SHOULDER JOINT INTRODUCED AND ANALYZED
The reference literature [3] is about the description of arm's movements; the shoulder joint can respectively realize the abduction/adduction, the flexion/extension and the abduction/adduction of shoulder joint, corresponding to the three basic actions in Figure 1 (a), (b) and (c); the design of mechanical arm exoskeleton also references and realizes the three movements. Physiological rotation center of shoulder joint will have small offset with the movements of the humerus. Hoegfors and Van der Helm respectively established a relatively perfect shoulder kinematics model and dynamic model [4, 5] of the shoulder. Ignored the physical center of rotation with a small scale migration, the shoulder joint is constituted with the humerus end and the humerus fossa near the shoulder blades, as shown in Figure 2 (a). The exoskeleton shoulder joint can't be coincidence with body's shoulder joint in physical space. To realize the structure of shoulder exoskeleton joint needs to do shoulder joint motion decoupling. From the mechanical view, the person's shoulder is regarded as a spherical pair, the movements of the shoulder joint were classified as three orthogonal rotational joints when doing the actions of daily living such as drinking and eating. Establish right-hand Descartes rectangular coordinate system at the shoulder joint as shown in Figure 2 ABSTRACT: Nowadays, a lot of exoskeleton robots go into the clinic for hemiplegia rehabilitation, but the exoskeleton shoulder joint is not good to make the arms implement daily actions of living, such as drinking water and eating. In order to cater more to rehabilitation robots' movements and the human body's needs by analyzing motions of the model and the feasibility on the decomposition of coupling movement of shoulder joint, the DOF associated actions of the mechanical exoskeletons upper shoulder joint which is on the basis of the arc guide can realize all kinds of sports in the specified range. In the debugging, the shoulder joint can realize the expected movements after assembling, so the movements of exoskeleton shoulder joint for rehabilitation can be more in accordance with human body's movements. And debugging results can support the product improvement later.
Keywords: three degrees of freedom of shoulder joint; structure of shoulder joint; function rehabilitation design *Corresponding author: ywang@qdu.edu.cn The three degrees-of-freedom of the exoskeleton shoulder joint are prioritized according to the different base degrees of freedom which are fixed. Combinations correspond to six kinds of schemes, as shown in Table 1 . And X, Y and Z respectively correspond to X-axis, Y-axis and Z-axis in Figure 3 . Axis of rotation 2 The first design of the shoulder joint is mentioned in the reference [6] , as shown in Figure 4 . This design cannot achieve the abduction/adduction action; it can only achieve two basic movements directly. The model has no feasible mechanical structures or the actual application in clinic, and it will have a lot of problems during the structure refinement process such as the problem of torque calculation, spatial distribution in space, thus it can be only used to make the theoretical analysis at present. The second design of the shoulder joint is mentioned in the reference literature [7] , as shown in Figure 5 . This design has not driving device and feasible detail mechanical structure. The arc guide that will surround the shoulder affects the activity range of the arm. It is theoretically possible. However, in fact, considering the cost of the product, processing conditions and the performance of the material conditions, it is difficult to realize current design. Commercialization of the exoskeleton upper limbs such as products of Guangzhou YiKang and Swiss Hocoma equipments and the shoulder joint and kinematic sketch are shown in Figure 6 . And it can be seen that the shoulder joint of these products cannot achieve outreach/adduction movements directly when the shoulder was in the initial state.
DESIGN ON THE THREE DEGREES OF FREEDOM LINKAGE SHOULDER JOINT OF EXOSKELETON
Optimization DOF of distribution is shown in Figure  7 (a), and the rotation of the X-axis directly follows the Y-axis rotation along the arc guide and do not take up space in the rear of the shoulder. Three-dimensional structure of the design is shown in Figure 7 (b). The model chooses standardized components and selects South Korean servo motors, making the model be in accordance with the drawing processing, assembling in the practical application and improving the product in the actual optimization test. The structure of device is shown in Figure 7 (b).The rotation along X-axis is placed on the imagined Y-axis arc guide. In practical structure, the V-shaped arc guide which is superposed by axes and Y-axis. The one side of arc guide is installed with gear ring. The whole system driven by the pinion which is actuated by motor is revolved around the large arc guide. And the V-shaped race is closely connected with the V-shaped plane of guide, as shown in Figure 8 . Both sides of it are set with three adjustable V-shaped groove roller. Then the stable structure can be formed through adjusting the tension V-shaped roller and arc guide to make V-shaped race closely connect with the V-shaped plane of guide, as shown in Figure 9 . The motor drive gear is relatively rotated, and the other parts move along the circular arc gear ring to realize abduction/adduction movements, as shown in As shown in Figure 11 , the drive motor rotor turns around the axis; the motor is fixed with the base; the motor rotor drives the rotating shaft; the shoulder with the agencies bears the output torque; the bearing inner ring is in contact with the rotation axis; the bearing outer ring is on the base of rigid, improving the stress of rotation. The drive motor rotor turns shaft, making the mechanical arm of exoskeletons do flexion/extension movements, as shown in Figure 12 . As the Z-axis rotation structure section shown in Figure  13 , the driving motor stator is installed on the base and, the one end of the drive shaft is connected with motor rotor, and another end of the drive shaft is connected with the arc guide. The outer ring of tapered roller bearing is installed on the base, and the inner ring is installed on the rotation axis to transform the gravity of structure into the base, thus the motor is free from the axial tension and, the abduction/adduction of shoulder joint as shown in Figure 14 can be achieved by the arc guide rotation which is driven by rotation axis due to driving motor. The shoulder joint of exoskeleton can achieve all the aforementioned basic movements independently. This three DOF shoulder joint which is used to realize the action is more similar with human body physiological joint. The whole process of shoulder joint institutions without interfering the space of the body always keeps a certain distance with the human body. The initial state of shoulder joint is shown in Figure  15 . The arm can be placed vertically. And the state of achieving daily actions in shoulder joint is shown in Figure 16 . The shoulder can achieve daily actions from the initial state. The shoulder joint would be able to realize three joint linkage movements and make mechanical arm to complete the target motion.
CONCLUSION
The shoulder joint which is a complex human body joint with three degrees of freedom needs simplification and decoupling according to the basic motion, thus it can help people's arm move in daily life. It is known that this process needs two requirements. The first is to have feasible structure and driving devices and be able to complete daily actions of living. The second is that it should not interfere with the body in the process of movement. Having a circular arc guide shaft instead of actual axis is more significant in the process of exoskeletons joints design. Through processing and assembling the model and testing the products, the products that are put in use have some unpredictably theoretical problems in design, thus the products need to be constantly improved in the future.
